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1. Introduction 
Biological data on M.etapenaaus monoceros has been regularly collected in 
Maputo Bay since 1968. 
The main objective of this report is to study growth as a function of the 
size, since this is one of the basic parameters for population dynamics. 
As the possibility of studying shrimp growth by modal progression analysis 
depends very much on the space-time configuration of sampling, the years 
1968 and 1969 were chosen to study growth of the population available to 
the bottom trawl used by the fishing industry. In those years sampling was 
very frequent (twice a week) and the samples were collected from a rather 
small fishing area. 
Complementary data on the spawning, juvenile phase and recruitment to the 
fishery was used to establish the 
relationship between the different 
stages of the life cycle and to 
obtain an age/length key. 
Data on juveniles in estuaries was 
only available for 1969 and 1973. 
Studies of spawning and recruitment 
to the fishery were mainly based on 
data collected during the period 
1968-1973. 
2. Female growth 
2.1 - Modal progression analysis and 
growth curve 
Fig. 2 shows the length distributions 
obtained by month during the period 
1968/69. The dimension measured was 
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carapace length (from the orbital notch to the posterior dorsal margin of 
the carapace). 
As a first approach some of the observed modes in the length distribution of 
samples were followed over two periods of time — between July/68 and 
December/68 and between June/69 and November/69 (Fig. 2). 
Applying the method of Bhattacharya (1957) it was possible to break down 
the observed length distributions into a series of normal distributions 
(Fig. 3). There was a high subjectivity while distinguishing cohorts and 
following them over a period of time. Catch and effort data was not 
available, and, as a result, it was not possible to sec for each cohort 
followed, the decrease in numbers with time. Nevertheless, with a little 
experience, some results could be achieved. Figures 3 and 4 show the 
cohorts that were more easily followed (A and B). 
A first approach of the growth curve was made by drawing a line 
interconnecting the modes of cohort A (Fig. 4). The length growth of 
several cohorts was defined using straight segments to interconnect the 
modes. All the curves seem to have a similar shape of curve A but the 
origins are different. Considering . curve A as a basis, all these curves 
were superimposed over curve A and a growth curve was redrawn (Fig. 5). 
This final curve represents the average growth of the exploited 
population with carapace length ranging from 24.8 mm and 40.6 mm, during 
1968 and 1969. 
These was a high subjectivity when drawing by eye the last part of the 
curve, because a high variation between the modes were observed. One 
explanation could be that different cohorts have different growth patterns, 
but another possible explanation is that older fish have a very large 
variation in the time required to grow through the largest length groups. 
2.2 — Estimation of the growth parameters 
The von Bertalanffy equation was used to express growth and the values of 
L = 48.3 mm and K. 0.14 were estimated by the Ford—Walford's method oe 
(fig. 7). 
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As the true age was not known the growth curve was defined using relative 
ages. The value of the origin of the relative ages, to, was computed 
using the equation t o ' = 0 + 1 In (Loo — l'o) with l'o = 18 mm. 
k 	 (L o, ) 
Garcia (1975) showed that the relationship between average size of males and 
females could be used to infer the age—length relationship of the males and 
their growth curve, if one assumes that males and females caught together 
are on the average of the same age. 
In the present report this relationship was also used to define l' o
. Fig. 6 
was obtained by plotting the average size of the males in a sample as a 
function of the average size of the females in the same sample, for a series 
of samples collected at different trawl stations. 
The average lengths of males and females smaller or equal to 17 mm are 
related by a line coincident with the bisectrix, which suggests that males 
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and females have the same pattern of growth. Lengths bigger or equal to 
18 mm are related by a curve and each value of female length corresponds 
to a smaller value of male length. This seems to suggest that the origin 
of the von Bertalanffy curve should be considered at l'o = 18 mm. With 
this value of l' o the parameter t' o was estimated as — 3.3 months. The 
r -0 female growth is expressed by lt= 48.3 L 1—e.14 (t + 3.33) ] 
 
3. Male growth 
The male growth rate is smaller than that of the females. As a consequence 
their length frequency distributions contain a smaller range of sizes and 
modal progression analysis is not very obvious. 
The growth curve of males was estimated using the method described by 
Garcia (1975). A relative age/length key was estimated (Table 1) using the 
females growth curve and the relationship between average size of males 
and females (Fig. 6) 
Fig. 7 - Estimation of the von 
Bertalanffy growth curve parameters 
of females 
The values of 11 40,4 = 31.9 mm and 
k= 0.25 were estimated by the Ford-
-4dalford's method. The origin of 
the relative ages, t' 0 , is equal to 
— 3.32 months and corresponds to 
l' o= 18 mm. 
The male growth is expressed by 
= 
31.9 [ 1 _7 0.25 (t + 3.32)]  . 
4. Estimation of the absolute age 
Complementary data on spawning and on 
the juvenile phase was used to adjust 
the growth curve to a real time scale. 
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Table 1 - A relative age/length key for the males and females of 
M. monoceros  
Relative Age 
(months) 
Carapace length (mm) 
Femlaes Males 
0 18.0 18.0 
1 21.9 21.1 
2 25.4 23.5 
3 28.4 25.3 
4 31.0 26.8 
5 33.2 27.9 
6 35.2 28.8 
7 36.9 29.5 
8 38.4 30.0 
9 39.7 30.4 
10 40.8 30.8 
11 41.8 31.0 
12 42.6 31.2 
13 
1 	 43.4 31.4 
Fig. 8 - Relation between spawning and recruitment to the Bay 
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fishery (Fig. 8) leads to the conclusion that the period between the peaks 
of spawning and recruitment is approximately 4 months. Data on size at 
migration (Fig. 9) seems to confirm the duration of this period. 
The absolute age was estimated for females. Knowing the female age it is 
possible to estimate the male age using the length key included in Table 1. 
To get the females length distribution at sea during the months of higher 
recruitment (indicated by black arrows in Fig. 8) the observed distributions 
were corrected by using the selection curves obtained byL'Homme (1978) for 
30 mm mesh size. It was possible to break down the corrected length 
distributions into a series of normal distributions by applying the 
Bhattacharya method (1957). 
The mean of the different first 
modes at sea was considered as 
an estimate of size at 4 months. 
CD 	 Although some variation was 
found between the values of the 
first mode at sea (20,3-23,9 mm) 
the most frequent values were 
the 
20 and 21 mm, and the average 
of all values obtained was 
CD 	 21 mm. It was concluded that, 
on the average, the females 
attain 21 mm at an age of 4 
months. 
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CD 	 Data on size at migration (Fig.9) 
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nearly normal, the mean of each 
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of the mean values of the exploited population. So the minimum values 
obtained in March (12 mm in 1969 and 14 mm in 1973) were considered as the 
means of the cohorts migrating seawards and reaching the fishing area in 
April with an average size of 21 mm. It was then concluded that cohorts 3 
months old have an average size of 13 mm. 
These estimates allowed the adjustment of the growth curves to a real time 
scale (Fig. 15). It is interesting to note that absolute age at 18 mm has 
a value that is very close to the previous estimate of t' o . 
However, the estimation of absolute age should be taken with caution due tc 
the scarcity of data on size at migration, the lack of knowledge on the 
fluctuations of larvae abundance and the fact that seasonal and yearly 
variations of the growth rate and size recruited to the fishing area are 
not clearly known. The age-length key included in the present report must 
be considered as preliminary data that need confirmation. 
5. Maximum age 
As the age of shrimps can not be determined directly, the maximum age is 
difficult to determine. 
Since the females have a large range of sizes, it is possible to use the 
last observed modes to estimate the average maximum age. A value of 15.8 
months was estimated because the last observed mode was frequently 43 mm. 
A study of the length frequency distributions of a series of spawning and 
non-spawning periods (Fig. 10) indicate that females stay in the fishing 
area or are available to the fishing gear not more than 1 year; this 
conclusion is also supported by the values obtained for the mean length, 
which have alternatively a value close to 26 mm during non-spawning 
periods and a value close to 29 mm during spawning periods. 
Since the males have a small range of sizes, it is more difficult to 
estimate the average maximum age from the last observed modes as they 
correspond to several ages. The study of changes of the sex-ratio in 
relation to size (Fig. 11) shows a clear predominance of females beyond 
31 mm. This seems to suggest a lower life-span for males. However if one 
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assumes that males and females caught together are on the average of the 
same age (see sections 2.2 and 3) a study of the trend between the sex-ratio 
and the average size (or age) of the females should lead to the relation 
between males and females life-spans. A study of the relation between these 
parameters was made and the trend observed (Fig. 12) does not suggest a 
predominance of females at larger sizes. It was concluded that the life-
-span of the two sexes should be considered as comparable. 
6. Total length and total weight as a function of age 
Figures 13 and 14 show total length and total weight as a function of age. 
The curves were obtained converting carapace length to total weight by 
applying the morphometric relations included en ANNEX 1. 
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ANNEX 1 
Morphometric relationships 
1.1 — Total length/total weight 
It has been found that the weight varies as some power of the length Y= ax b . 
This expression is equal to log Y= log a + b log X. 
To speed up computations, mean weight of 1 cm class of total length have 
been used as the primary data in computing the regression line and the 
predictive regression was employed. 
Since the fecundity is closely related with the body weight this relation 
was computed separately for the spawning—period September/77 to 
February/78 and for the non spawning period April/77 to August/77 (Fig. 1.1). 
Females: 
April to August / 77 	 September/77 to February/78 	 April—August/77 
dir 
log TW= 2.8453 log IL- 4.88138 
	
log TW= 2.9530 log TL-5.1123 
9 
op TW=3.0293 log TL -5.2428 
9 
log TW43.0817 log TL-5.3375 
September/77 — February/78 
number of classes = 89 
(number of individuals= 2119) 
log W= 3.0817 log TL — 5.3375 
r= 0.9971 
Fig. 1.1 — M. monoceros —
Relationship between carapace 
length and total weight 
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Males: 
April-August/77 
number of classes= 60 (number of individuals= 1280) 
log W= 2.8453 log TL - 4.8888 
r= 0.9936 
September/77 - February/78 
number of classes= 63 (number of individuals= 1505) 
log W= 2.9530 log TL - 5.1123 
r= 0.9880 
The regression lines from the periods April-August/77 and September/77 to 
February/78 of males and females were compared taking as a basis the 
method described in Snedecor G. and Cochran W. (1969). The following table 
shows the results of these comparisons. 
Comparison 
between 
Females Males 
d.f. F d.f. F 
Slopes 
Elevations 
1,164 
1,165 
1.01 
6 . 98 
n.s. 
xxx 
1,119 
1,120 2 
2.19 
0.23 
n.s. 
n.s. 
This table shows that the lines relative to females are significantly 
different and that the lines relative to the males are not significantly 
different.These results may show that the weight of the gonads increase 
significantly the weight of the females during the spawning-period. 
As an average relationship is sometimes useful, the following regression 
lines were computed for the period April/77 to February/78. 
Males : log W= 2.8946 log TL - 4.9909 
Females: log W= 3.0688 log TL - 5.3170 
- 
95 - 
1.2 - Carapace length/total length 
Females 
As the relationship between total length and total weight is different for 
the periods April-August/77 and September/77 to February/78, the relationship 
between total length and carapace length was also studied using those two 
periods. 
The mean carapace length of 1 cm class of total length was computed by 
sample (Fig. 1.2. C, D). Apparently there is a linear relationship between 
these parameters. However, when all the samples of each period are grouped 
(Fig. 1.2. A, B) the linear relationship does not really exists. During 
the spawning period, two lines can be considered - one which is formed by 
individuals 4;125 mm and the other formed by individuals 125 mm. It is 
interesting to note that this size (125 mm) corresponds approximately to 
the size at first spawning which may mean that there are some changes in 
the growth pattern when sexual maturity is attained. During non-spawning 
period, although it can be seen that there is no linear correlation between 
the variables it is more difficult to define the size where the lines are 
different. 
For these reasons, both variables were transformed to logarithms and the 
predictive regression was applied for each period. (Fig. 1.2. C, D). 
The expressions obtained were: 
April-August/77 
number of classes= 79 (number of individuals= 1723) 
log TL= 0.8816 log CL + 0.8182 
r= 0.9898 
September/77 - February/78 
number of classes= 89 (number of individuals= 2119 
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log TL= 0.8313 log CL + 0.8893 
r= 0.9950 
As the average relationship is sometimes useful, the regression line for 
the period April/77 to February/78 was computed: 
log TL= 0.8540 log CL + 0.8565 
Males 
Taking as a basis the same methodology, only one period from April/77 to 
February/78 was considered. The variables were also transformed to 
logarithms. 
The equation obtained was: 
number of classes= 123 (number of individuals= 2785) 
log TL= 0.9458 log CL + 0.7432 
r= 0.9909 
Juveniles 
For the calculation of this relation, individual measurements were used and 
the GM functional regression applied. Both variables were transformed to 
logarithms since there was no linear correlation between them. (Fig. 1 .4 
and Fig. 1.5). 
Males: number of individuals= 718 
log TL= 0.9718 log CL + 0.7148 
r= 0.9759 
Females: number of individuals= 1178 
log TL= 0.9388 log CL + 0.7489 
r= 0.9821 
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ANNEX 2 
Sexual maturity 
The study on sexual maturity of M. monoceros was based on a macroscopic 
maturity scale of 4 stages (Le Reste 1978). Because the stages 3 and 4 are 
normally difficult to distinguish they were considered as mature females. 
Between 1968 and 1973 there was 5 periods of spawning. The spawning periods 
are during the rainy season, between September of one year and March of the 
following year. For each period the percentage of mature females in each 
length class was plotted as a function of the mid-point of the length class. 
Five sigmoid curves were obtained with a similar shape - a low number of 
mature females is observed between 20 mm and 28 mm with this number rapidly 
increasing between 28 mm and 36 mm; beyond the size of 40 mm the curve can 
not be followed maybe because the values are based on a very low number of 
individuals 
Fig. 2.1 - Percentage of mature 
females as a function of size. 
Fig. 2.1 shows an average curve of 
the five spawning periods studied. 
The size at first spawning, 26 mm, 
was obtained as the x-axis intercept 
of a regression line drawn between 
28 mm and 36 mm of carapace length. 
The size when 50% of the population 
is mature was defined as the size at 
massive maturation (Garcia and Le 
Reste 1981), and a value of 33 mm 
was obtained. 
It must be noted that the sexual 
maturity was studied on an 
individual basis because data on 
abundance of females was not 
available. A difference in the 
values obtained is to be expected 
when the last parameter is available. 
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